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Profiling of Membrane Lipids of Arabidopsis Roots 
during Catechin Treatment 
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Abstract; Catechin is a kind of phytotoxin and can kill plant cells in an hour. It can be developed as herbicide to 
kill weeds due to its strong phytotoxic activity. The main effect of this chemical is to trigger the death of the root sys- 
tem. To understand the response of root cell membrane lipids to catechin stress, we used the lipidomics approach to 
study the profiles of Arabidopsis root lipids molecules under catechin treatment. The changes of molecular species in 
membrane lipids, content of membrane lipids, double bond index (DBI) and acyl chain carbon number of the fatty 
acid were examined in Wild type (WS) and PLD8 deficient mutant (PLD8-KO) during catechin treatment. The re- 
sults indicated that after 90 min treatment with catechin, the lipid contents of digalactosyldiacylglycerol (DGDG) , 
monogalactosyldiacylglycerol (MGDG) , phosphatidylglycerol (PG) , phosphatidylcholine (PC) , and phosphatidyli- 
nositol (PI) decreased both in WS and PLD8-KO roots, lipid contents of phosphatidylethanolamine (PE) and phos- 
phatidylinositol (PS) decreased in WS roots, but increase in PLD8-KO roots, lipid contents of ( phosphatidic acid) 
PA increased at the begin of treatment and declined to the level of control in WS roots. The ratio of the two major 


lipids in roots, PC and PE, declined significantly in PLD8-KO plants, the acyl carbon number of PS in WS plants 
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increased. The results suggested that PLD8-KO is more sensitive than WS during catechin treatment, and suppres- 


sion of PLD8 exacerbated membrane damage induced by catechin. 


Key words; Phytotoxin; Lipidomics; Catechin; Arabidopsis 


Abbreviation; electrospray ionization tandem mass spectrometry, ESI-MS/MS; phosphatidylcholine, PC; phos- 


phatidylethanolamine, PE; phosphatidylglycerol, PG; phosphatidic acid, PA; phosphatidylinositol, PI; phosphati- 


dylserine, PS; digalactosyldiacylglycerol, DGDG; monogalactosyldiacylglycerol, MGDG; PLD, phospholipase D 


Catechin is a common compound in plants which 
has antioxidant activity (Lee et al., 2002; Lu et al., 
2011; Ma et al., 2003; Meyer et al., 1998; Ono et 
al., 1998; Su et al., 2002; Vuong et al., 2011; 
Yang et al., 2003). However, recent researches 
were focused on the phytotoxic and antibacterial ac- 
tivity of catechin that released from some plants to 
help them compete with surrounding plants. For ex- 
ample, Inderjit et al. (2008) found that catechin 
can significantly inhibit root growth of Bambusa and 
Koeleria seedlings; Bais et al. (2003) reported that 
catechin can inhibit seed germination of 6 kinds of 
weeds and crops; a study by D’Abrosca et al. (2006) 
displayed that ( —)-catechin can inhibit green alga 
Selenastrum capricornutum growth; (+)-catechin from 
seed coat of Sesbania virgata and velvetleaf can inhibit 
root elongation of Arabidopsis, cress, radish and soy- 
bean ( Paszkowski and Kremer, 1988; Simões et al., 
2008). Weir et al. (2006) reported that catechin treat- 
ment could cause Arabidopsis lipid peroxidation and in- 
hibited plant growth. Catechin may be developed as a 
powerful herbicide to kill weeds due to its strong phyto- 
toxic effects on roots. However, little is known about 
precise mode of action of catechin and the response of 
plant cell membrane lipids to catechin stress. 

Membranes, particularly plasma and chloroplast 
membranes, are sensitive to environmental stimuli, 
the membrane lipids is crucial in plants response to 
stresses. PA is an important second messenger, it 
involves in plant response to various stresses ( Tes- 
terink and Munnik, 2005; Wang, 2004, 2005b; 
Wang et al., 2006), and its level increases within 
minutes under these stresses ( Munnik , 2001). PC and 
PE are related to the membrane stabilization ( Welti 


et al., 2002; Yeagle et al., 1976). We found that 


through remodeling of membrane lipids plants re- 
spond to frequent alterations between high and low 
temperatures (Zheng et al., 2011). Phospholipase 
D (PLD) hydrolyzes phospholipids to generate PA. 
PLD6 is one of the 12 PLDs in Arabidopsis, and it 
involves in plants stress response and PLDò increa- 
ses during stress (Wang, 2005a). Zhang et al. 
(2003 ) found that PLD8-null cells displayed in- 
creased sensitivity to H,O,-induced cell death. 
PLD6-mediated hydrolysis of phospholipids plays a 
positive role in the plant response to oxidative stress. 
Li et al. (2004) found that PLD6-KO plants exhibi- 
ted less tolerance to freezing injuries whereas PLD6- 
OE plants exhibited more tolerance. PLDò and PA 
signaling may involve in the response of plants to 
drought and salinity (Hong et al., 2010). However, 
under chemical stresses, like catechin, the change 
of lipid and the effects of PLDò during this stress 
have not previously been described. 

Plant lipidomics based on ESI-MS/MS can tell 
us the 11 classes of lipid changes under certain con- 
ditions ( Welti et al., 2002). The purpose of this 
study was to use lipidomics and Arabidopsis PLDò mu- 
tant to determine; (1) harmful effects of catechin to 
Arabidopsis root membrane lipid composition and (2) 


involvement of PLDÒ in root membrane lipid profiling. 


1 Materials and methods 
1.1 Plant materials and chemicals 

A PLD6-knockout (PLD85-KO) mutant isolated 
from Arabidopsis ( Wassilewskija ecotype ( WS) ) 
was from Dr. Xuemin Wang’s Laboratory previous- 
ly; the loss of PLD8 was confirmed by the absence 
of the transcript, protein, and activity of PLDò 
(Zhang et al., 2003). (+) -catechin and ( +) -cate- 
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chin were purchased from Sigma-Aldrich ( C1788, 
C1251 respectively). 
1.2 Plant growth and treatments 

Seeds of two Arabidopsis genotypes were steri- 
lized with ethanol (75% ) for 2 min and sodium hy- 
pochlorite (5% ) for 2 min, and then rinsed three 
times with sterile distilled water. Surface-sterilized 
seeds were cold stratified for 2 days at 4 °C, and 
then sowed on 1/2 MS medium ( Murashige and Sk- 
oog, 1962) for hydroponic culture as described by 
Tocquin et al. (2003). The conditions of the growth 
chamber were 23/18 C, a 12/12 h light/dark cy- 
cle, and 120 pmol + m°? s™' photosynthetic photon 
flux density. 

We used 40 day old hydroponic seedlings to test 
the effects of catechin on Arabidopsis roots. Catechin 
was added to the hydroponic solutions to the concen- 
tration of 150 mg-L™', and hold for 0, 10, 30, 90 
min. Roots were harvested for lipids analysis at each 
time. 

1.3 Lipid extraction and ESI-MS/MS analysis 

The process of lipid extraction, ESI-MS/MS a- 
nalysis, and quantification was performed as de- 
scribed previously with minor modifications ( Devaiah 
et al., 2006; Welti et al., 2002). Briefly, the roots 
were cut at sampling time and, to inhibit lipolytic ac- 
tivities, were transferred immediately into 3 mL of 
isopropanol with 0.01% butylated hydroxytoluene at 
75 C. The roots were extracted with chloroform/ 
methanol (2: 1) two additional times with 3 day of 
agitation each time. The remaining plant roots were 
heated overnight at 105 °C and weighed. The weights 
of these extracted and dried tissues were described as 
“dry weight” of the plants. Lipid samples were ana- 
lyzed on a triple quadrupole MS/MS equipped for 
ESI. Data processing was performed as previously de- 
scribed (Devaiah et al., 2006; Welti et al., 2002). 
1.4 Data analysis 

Statistical analysis was performed using Origin 
7.0 (OriginLab Corporation, Northampton, MA, USA). 
Double bond index (DBI) were calculated with the 
formula; DBI=[ } (N,xmol% lipid) ]/100, where 


N, was the total number of double bonds in the two 
fatty acid chains of each glycerolipid molecule 
(Zheng et al., 2011). Average carbon number (C) 
of acyl chains of lipid classes were calculated by the 
formula; C =[ È (N, xmol% lipid) ]/100, where 


N, was the total acyl carbons in each lipid molecule. 


2 Results and discussion 
2.1 Root lipids profiling of Arabidopsis during 
catechin treatment 

To test the effects of catechin on Arabidopsis 
root membrane lipids, we used a lipidomics ap- 
proach to profile changes in molecular species of 
membrane glycerolipids in Arabidopsis during cate- 
chin treatment. We identified and quantified about 
120 glycerolipids molecular species including 11 
species of lipids in Arabidopsis roots during catechin 
treatment (Figs. 1-3). The lipid profile of root is 
different from that of leaf, where PC and PE are the 
main lipids of root. The major lipid molecules of 
MGDG were 34: 6MGDG and 36: 6MGDG, in roots 
the content of 36: 6MGDG was a bit more than 34: 
6MGDG, but in leaves the content of 34: 6MGDG 
was much more than 36: 6MGDG (Li et al., 2008 ) 
(our unpublished data). 

To assess the role of PLD8 in Arabidopsis re- 
sponse to catechin, we employed the PLD8 knockout 
mutant Arabidopsis and compared its lipid profiles to 
that of wild type plants during catechin treatment. In 
wild type (WS) Arabidopsis plants, the content of 
total lipids decreased with the time of catechin treat- 
ment. After 90 min treatment with catechin, the 
content of DGDG, MGDG, PG, PC, and PI de- 
creased both in WS and PLD6-KO roots, PE and PS 
decreased in WS but increased in PLD6-KO plants 
(Fig. 1). PA is an important secondary messenger 
in response of plants to abiotic stresses. It can in- 
crease in minutes after stimuli and then decreases to 
the levels of control (Wang et al., 2006). In out 
experiment, PA rose at the begin of catechin treat- 
ment and declined to the level of the control after 90 


min treatment in wild plants. While in PLD86-KO 
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plants, PA decreased during the catechin treatments 
(Fig. 1). PLD&8 can hydrolyze phospholipids to PA 
(Zhang et al., 2003), and suppression of PLD 6 
leads no PA increase during catechin treatment. We 
thought that PLDS derived PA was very important for 
Arabidopsis response to catechin stress. 

The total content of LysoPLs was a bit different 
in the two plants. Detailed analysis of the lipid pro- 
files indicated that changes in the phospholipids and 
galactolipids in the two plants were similar during cate- 
chin treatment (Fig. 2, 3), except for minor differ- 
ences in PE species 34:2, 34:3, and 36:5 (total 
acyl chains: double bonds), in PA species 34:2, 
34:3, and 36:5 (Fig.2), and in lysophospholipids 
and lysoPC species 18:2 and 18:3 (Fig.3). 

2.2 PC and PE ratio reduced in PLDS-KO under 
catechin stress 

PC and PE are related to the stabilization of 
membrane. Unsaturated PEs have strong propensity 


to form hexagonal phases (Cullis and Hope, 1978 ) 
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which might lead to the formation of a nonbilayer lip- 
id phase and disturb the membrane integrity and cell 
function, whereas PC is a bilayer-stabilizing lipid 
( Welti et al., 2002). The molar ratio of PC/PE, 
which implies the membrane stabilization, tends to 
drop in plants under cold and hydration stress 
(Hazei and Williams, 1990; Welti et al., 2002). 
To assess the membrane stabilization of Arabidopsis 
during catechin treatment, we calculated PC and PE 
ratio of this process. We found that both PC and PE 
decreased during catechin treatment in WS, whereas 
the content of PC decreased and PE increased during 
catechin treatment in PLD8-KO plants ( Fig. 1). 
The ratio of PC/PE in WS did not change too much 
during catechin treatment, however, the PC/PE ra- 
tio in PLD8-KO plants dropped from 1.18 to 0. 92 
after 90 min of catechin treatment (Table 1). The 
results suggested that PLD6 play an important role in 
maintaining membrane stabilization in catechin in- 


duced Arabidopsis membrane disturbance. 
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Fig.1 Changes of each head group class and total lipids in WS and PLD8-KO plants during catechin treatment. Values are means + S. D. (n=5) 
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Fig.2 Changes of the molecular species of membrane lipids in WS and PLD8-KO plants during 


different time of catechin treatment. Values are means +S. D. (n=5) 
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Fig.3 Changes of the molecular species of lysophospholipids in WS and PLD8-KO plants during 


different time of catechin treatment. Values are means +S. D. (n=5) 
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Table 1 Lipid ratio of WS and PLD8-KO plants during catechin treatment. An asterisk indicates that the value 
is different from control (P<0.05). Values are means SD (n=5) 
Lipid ratio 
Lipids Plants 
0 min 10 min 30 min 90 min 
POR WS 1.00+0. 07 1.04+0. 06 1.02+0.09 1. 06+0. 13 
PLD8-KO 1.1840. 12 0.99+0. 08 * 0.95+0.09 * 0.92+0. 09 * 
WS 0.75+0.01 0. 75+0. 02 0. 76+0.01 0. 76+0. 02 
( PC+PE) /Total n 
PLD8-kKO 0.74+0.02 0.75+0. 02 0.77+0.01 ° 0. 76+0. 02 
Ws 0.11+0.01 0. 1140.01 0. 10+0.01 0. 110.01 
Glycolipids/ Total i 
i PLD8-KO 0.12+0.01 0. 11+0. 01 0. 1140.01 0. 100. 01 * 
2.3 The influence of catechin to lipid double We found that unlike the DBI of leaves, total 


bond index and acyl chain lengths 

Maintaining the integrity and optimal fluidity of 
the membranes is very important to organisms. 
Changing in the degree of lipid unsaturation and the 
number lipid acyl chain carbon could influence the 
integrity and fluidity of membranes. We got the 
mol% content of each lipid molecule species based 
on the data of nmol/mg dry weight, and calculated 
the DBI and Carbon number of acyl chains of each 


lipid species. 


lipid DBI of roots was about 3.5, but in leaves the 
DBI was about 4. 1 (Zheng et al., 2011) (Table 
2), because the main lipid constituent in root are 
PC and PE which have less double bond than MGDG 
and DGDG which was the main lipid in leaves. The 
degree of unsaturation of root membrane lipids is less 
than leaves, the DBI of PG in roots was about 1. 2 
less than in roots, the DBI of MGDG, DGDG, and 
PS was a bit less than that in leaves (Li et al., 
2011) (Table 2). The DBI decreased as the catechin 


Table 2. Double bond index ( DBI) of membrane during catechin treatment in WS and PLD8-KO plants. An asterisk indicates 


that the value is different from control (P<0.05). Values are means SD (n=5) 


Double bond index 








Lipid species Plants 
Control 10 min 30 min 90 min 

DEDE WS 5.14+0. 04 5.12+0. 03 5.08+0.05 5.060. 02 * 

= PLD8-KO 5.13+0.04 5.15+0.04 5.08+0.05 5.08+0. 06 
ee WS 5.83=+0.02 5.81+0. 07 5.78+0.03 * 5.77+0. 05 * 

j PLD8-KO 5.79+0.02 5. 80+0. 01 5.77+0.02 5.77+0. 02 

pg WS 2.02+0.23 1.96+0. 31 1.92+0.26 2.04+0. 17 

7 PLD8-KO 2.03+0.20 1.82+0. 32 1. 66+0. 37 1. 82+0. 18 

i WS 3.76+0. 02 3.75+0. 11 3.71+0.04 * 3.71+0. 07 
PLD8-KO 3.74+0.01 3.75+0. 02 3. 68+0. 05 * 3. 65+0. 02 * 
pi WS 3.14+0.01 3.12+0. 05 3.05+0.06 * 3.04+0. 05 * 
PLD8-KO 3.11+0.02 3.11+0.01 3.04+0.02 * 3.03+0. 02 * 

ei WS 2.69+0. 03 2.71+0. 04 2.66+0.06 2.67+0. 03 
PLD8-KO 2.65+0.01 2. 69+0. 03 * 2.64+0.02 2.63+0.01 * 

E WS 2.79+0. 04 2.77+0.10 2.67+0.11 2.69+0. 10 

` PLD8-KO 2.71+0.06 2.69+0. 08 2.68+0.04 2.67+0. 04 

an WS 3.02+0. 16 3.06+0. 17 99+0. 13 2.99+0. 16 

PLD8-KO 2.97+0.07 3.01+0. 22 2.75+0.25 2.98+0. 09 

WS 3.58+0.01 3.56+0. 08 3.49+0.07 3.51+0. 05 

Total Lipids 

PLD8-KO 3.58+0.03 3.55+0. 02 3.49+0.03 * 3. 44+0. 04 * 
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treatment, and there was no difference in DBI between 
WS and PLD8-KO plants except for PG, which DBI in 
PLD8-KO plants was less than in WS when treated 
with catechin (Table 2). These results suggested 
that catechin may induce membrane lipids oxidation. 

In the eight classes of lipids that calculated acyl 
chain carbons, the acyl chain carbons of MGDG of 


roots was longer than that in leaves (Table 3, our 


unpublished data). The longest acyl chain was PS 
which was about 39 carbons ( Table 3). Under cate- 
chin treatment, the acyl chain carbons of the lipids 
change little except that of PS which in WS in- 
creased 0.4 and in PLD6-KO decreased 0. 66 after 
90 min of catechin treatment. Catechin could induce 
change of length of lipid acyl chain, the most sensi- 
tive lipid is PS. 


Table 3 The acyl chain carbon of membrane lipids during catechin treatment in WS and PLD8-KO plants. An asterisk indicates 


that the value is different from control (P<0.05). Values are means SD (n=5) 


Acyl chain carbon (C) 








Lipid species Plants 
Control 10 min 30 min 90 min 

DENG WS 35. 54+0. 02 35. 53+0. 02 35. 56+0. 02 35. 54+0. 03 
” PLD8-KO 35.59+0.02 35.59+0.02 35. 53+0. 03 * 35. 53+0. 03 * 
cue Ws 35.0040. 03 35.03+0.09 35. 16+0. 11 * 35.1540. 11 * 
” PLD8-KO 35. 1040.01 35.08+0.02 35. 18+0. 04 * 35. 17+0. 04 * 

PG WS 33.47+0.20 33.46+0.22 33. 40+0. 17 33.4740. 14 

” PLD8-KO 33.42+0.09 33.3140. 23 33.3140. 25 33.3740. 19 
BG Ws 35. 2040.02 35.19+0.05 35.1740. 01 * 35. 16+0. 02 * 
PLD8-KO 35. 2040.01 35. 18+0. 01 * 35. 17+0. 03 35. 14+0. 02 * 
bi WS 35.22+0. 02 35.21+0.04 35. 16+0. 05 * 35. 16+0. 03 * 
PLD8-KO 35.22+0.02 35. 2040.02 35. 16+0. 01 * 35. 15+0.01 * 

‘a WS 34.29+0.03 34. 2940.02 34. 2640.01 34. 2740.02 
PLD8-KO 34. 2940.03 34. 2640.03 34. 28+0.02 34. 24+0. 03 * 

pS WS 38.76+0. 12 38.75+0. 18 38. 88+0. 45 39. 16+0. 38 
` PLD8-KO 39.48+0. 46 38. 8940. 13 * 38.9340. 55 38. 82+0. 31 * 

PK WS 34.45+0. 17 34.50+0. 10 34. 45+0.07 34.5340. 11 

PLD8-KO 34. 3640. 15 34.4340. 13 34. 33+0. 20 34.4740. 13 

WS 35.20+0.02 35.19+0.04 35. 19+0. 05 35. 18+0. 03 

Total Lipids 
PLD8-KO 35.19+0.02 35. 1940.03 35.1740. 04 35. 16+0. 02 * 
In conclusion, the results of this study suggested References: 


that PLD deficient plant was more sensitive to cate- 
chin stress than wild plant. Catechin could induce 
the root lipids change and lead to the membrane dis- 
turbance. However, many questions, such as the 
mechanisms of different lipid profiles in roots and 
leaves; the role of PLDS play in Arabidopsis resist to 
catechin stress; and the reason of changes of acyl 
chain carbon length to catechin stress, remained un- 


clear and would be further studied in the future. 
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